Inorg. Chem.1998,37, 5247-5250 5247
A New Preparation and Crystal Structure of Trifluoromethyl lodine Difluoride CF slF»
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Trifluoromethyl iodine difluoride (CEIF,) is synthesized by the reaction of trifluoromethyl iodide §JRvith
trifluoromethyl hypochlorite (CEOCI) at 223 K. This is a new route of preparation, in whichslds fluorinated

by CROCI in an addition-elimination reaction. C#fF; crystallizes in the tetragonal space grddfd with a =
8.509(1) A,c = 12.324(2) A, and eight formula units per unit cell. Its molecular structure is T-shaped with a
disordered CEkgroup. The Raman and IR spectra are described.

Introduction tried to find a new synthesis in order to obtain 0 in a

) o ] ) ) crystalline form. Having experience with the chemistry of
_ Trifluoromethyl iodine difluoride, CHF, was first prepared  cr,0Cl, we attempted to use it as a mild fluorinating ageft.
in 1959 by Schmeisser and Scharf by fluorination of trifluo- 1, 1995 we described the preparation and crystal structure of
romethyl iodide, CEl.1 It can be described as a trifluoromethyl- CFslF4, prepared by reaction of GFwith CFOCI at a
substituted derivative of iodine trifluoride, 4Fand was the first temperature of 243 K2 By varying the conditions of this
iodine(lll) compound to contain a trifluoromethyl group. Since | g5ction we obtained crystals of @F», and in this paper we
then CRIF; has been synthesized in several ways. Rondestvedtygnort the crystal structure of GIF, (Figure 1) and help to
found that perfluoroalkyl iodides can be oxidized by £IBrFs, obtain answers for the structure ofslF
or BrFs to obtain RIF, and RIF4.2 This opened up a general
way to prepare the group of perfluoroalkyl iodine fluorides in  Experimental Section
which iodine has the oxidation statelll or +V. The first
spectroscoplc_ d_alta _for GHF, were reported by Chambers, and are potential exploses when brought into contact with organic
Oates, and W'nf'el_d in 1972, When thE NMR spectrum Wa_s material. Avoid contact with these compounds because their hydrolyses
recorded? Schmeisser et al. improved the process of direct form HE, which the skin burns and causes irreparable damage. Safety
fluorination and described a general method for preparing precautions should be taken when using and handling these materials.
perfluoroalkyl iodine fluorides in high quantity and purftyn All synthetic work and sample handling were performed using a
the following years, many reactions with gF, were carried standard glass vacuum line and standard Schlenck techniques. Non-
out and reports of new iodine(lll) compounds with different volatile materials were handled under dry nitrogen. The synthesis of
ligands followe®® In 1974 Naumann et al. reported the trifluoromethyliodide (CEl) was carried out according to the literature
vibrational spectra of CffF,.7 Their results suggest a trigonal ~ method:* Trifluoromethyl hypochlorite (CFOCI) was prepared in a
bipyramidal structure with the two fluorine atoms in the apical Stéinless steel vessel from &Fand CIF by using CsF as a cataly/st?

position and the trifluoromethyl group in the equatorial position. Infrared spectra were recorded on a Bruker IS 113v spectropho-
tometer. Spectra of dry powders were obtained in a low-temperature

They assumed that there are str_on_g Inte_ractlons k_)etwe_en thecell with CsBr plates coated with the pure samidleRaman spectra
CHRslF2 monomers and that the solid is mainly associated in the \yere recorded on a Jobin Yvon T64000 spectrometer by using &n Ar

form of chains. A new way to prepare €lF; was found by laser (514.5 nm, Spectra Physics). The spectra were recorded in glass

Naumann and Feist who fluorinated eHwith elemental cells cooled with liquid nitrogen or solid G@® Single crystals were

fluorine under mild conditions to yield GF,.8 placed in Lindemann capillaries in a cooled stream of dry nitrogen,
Since no X-ray structure for fhas yet been determined and and an X-ray diffraction study was carried out with a Nonius Kappa

there is a general lack of crystal structures of iodine(lll) CCP diffractometer.

compounds containing fluorine ligands, there is great interest _ "reparation of CFslF,. CROCI (0.60 g, 5 mmol) was condensed

in the structure of CHF,. The usual ways of preparing into a dry glass vessel Wl_th greaseless stopcocks (Young) onto 0.39 g

(2 mmol) of CRl. The mixture was allowed to warm to 203 K and
(_:F3I_F2 led only to amorphous powders, and efforts to recrystal- was then warmed to 223 K over a period of 24 h. At 203 K the
lize it from several solvents were unsuccessful. We therefore tqrmation of trifluoromethy! iodine chloride fluoride GRCI)F was

Caution! CF;OCI and CIF are highly reactie oxidizing agents
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This reaction is a good example of the synthetic potential of
CFROCI, which can be used for addition reactions to unsaturated
systems such as=€C double bonds. One example for these
reactions is the preparation of trifluoromethyl-2,2-dichloroeth-
yl ether, CROCH,CClH, from CROCI and vinyl chloride
CH,CHCI.22 Trifluoromethyl hypochlorite is also suitable for
comproportionation reactions with compounds containing nega-
tively polarized chlorine: by using this type of reaction, Seppelt
accomplished the synthesis of §£H from HCI and CEOCI.23
The third reaction type is oxidative addition, which was the
starting point for our reaction. In contradiction to salts where
stabilization is possible, the trifluoromethoxy group is usually
not stable in neutral iodine compounds and converts under loss
of CR0 to the fluorine-substituted molectiig?+25
) o Crystal Structure of CF3lF,. CRslF; crystallizes in the
Figure 1. Projection of the CHiIF, mol_ecul_e. For symmetry transfor- tetragonal space groUp_lZd with a = 8.509(1) A.c=12.324-
mations see Table 2. Thermal ellipsoids are drawn at the 50% . . . ;

(2) A, and eight formula units per unit cell (Figure 2). The

probability level. \“)
iodine layers were found by the Patterson method, and the

Scheme 1. Path of the Reaction between £=and CROCI crystal structure was solved by direct methods in space group
CFI P1. A search for higher symmetry with the program MISSYM
CF,0Cl ’ 2 CF,0CI (Le Page, 1987) including the fluorine atoms of thes@QFoup
//203 K - 2CFO indicated that there is no higher symmetry, but without them

al the program shows that there is higher symmé&ttyWith the
[CEI(CHOCE] Nk elements of symmetry found in MISSYM (4-fold rotatory
inversion axis, 2-fold rotation axis, “diamond” glide plane) and
‘ - CF,0 the space group suggestions made in XPREP, the space group
142d (No. 122) was found. The systematic absentds) 2h

CFI(CIF +1=4n+ 1and (&) k+ | = 2n+ 1 conform to this space
group and the structure was transformed frBinto 142d via
CF‘O(N cl, - CF,0 the matrix (100, 010, 112). The layers of the fluorine atoms of
123K the CF; group have occupation factors of 0.5, and the @up
[CF,I(F)OCF,] is rotating or disordered. The Flack X parameter shows values

of nearly 0.19, and the absolute structure cannot be determined
reliably. A final refinement with anisotropic thermal parameters
gave values oR(all data)= 0.0341 andR(int) = 0.0746. For

the data reduction, structure solution, and refinement, programs

observed? When the sample was warmed up to 223 K this white
solid dissolved, and after 24 h the volatile materials were removed at
183 K under vacuum. The resulting colorless crystals were stored under

dry nitrogen at 203 K. in the SHELXTL package and PARST were ugéd® The
crystal data are summarized in Table 1.
Results and Discussion The molecule has a distorted trigonal bipyramidal structure

with the two fluorine atoms in the apical position and the
trifluoromethyl group in the equatorial position. This is in
accordance with the GillespieNyholm theory and the structure
can be described as T-shag@d® The same conformation is
found in CIR; and BrR.3132 Bond lengths and selected angles
of CRslF, are summarized in Table 2.

The I-F bond lengths are 1.982(2) A, and the angle between

Reaction of CRsl with CF 30CI. The reaction between GF
and CROCI is very complex, as shown in Scheme 1. It starts
with the oxidative addition of CJOCI to iodine to form .

The resulting trifluoromethoxy-substituted compound cannot be
isolated and yields GRCI)F with loss of CRLO.1® When the
reaction mixture is warmed up to 223 K, this white solid
Qissol_ves a_md reacts with additional £ under COMPropor--pa o apical fluorines is 165.4(2) Because no crystal
]Elonatlofn ‘r’;'.'th loss .Of CQar;]d Cf:FZO to_form ch"l Fé' CThg d%}[ng structure of IR is available, the+F bond lengths are compared
orce of this reaction is the formation of £ind CEO. After . yhose in 5~ (2.075-2.082 A)3 IF,~ (2.000-2.018 A)3
the volatile compounds are removed under vacuumglFGF
remains as colorless crystals. It appears that the reaction(22) Anderson, L. R.; Young, D. E.; Gould, D. E.; Juurk-Hogan, R.;

; ; ; ; Nuechterlein, D.; Fox, W. BJ. Org. Chem197Q 35, 3730.
mixture, which contains G] CR0, and excess GBCI, is a (23) Seppelt, KAngew. Chemint. Ed. Engl.1977, 16, 322;Angew. Chem.

suitable medium to crystallize this kind of molecule. In a similar 1977 89, 325,
reaction between Ciior CR:l and CIONQ, we also obtained (24) g/éigkwitzé R.; Brichler, R.; Berkei, MZ. Anorg. Allg. Chem1996
20,21 1749.
CHl(ONO)2, CHI(CONO,, and crystals of CHONOy),. (25) (a) Minkwitz, R.; Bichler, R.Z. Anorg. Allg. Chem1997, 623, 487.
When .the reaction temperature is raised to 243 KslEF (b) Le Page, Y.J. Appl. Crystallogr.1987, 20, 264.
reacts with additional G3OCI to afford CRIF4.22 The mech- (26) Sheldrick, G. MSHELXTL PLUS: An Integrated System for:Sug,

anism for this reaction is the same as that described above.  Refining and Displaying Structures from Diffraction Dataniversity

- of Gattingen: Germany, 1987.
Higher temperatures lead to the cleavage of thd Bond and (27) Nardelli, M.Comput. Chem1983 7, 95.
the subsequent formation ofdF (28) More details about the crystal structure of 3B are available
from the Fachinformationzentrum Karlsruhe, Gesellschaftvigsen-
schaftlich-technische Information mbH, D-76344 Eggenstein
Leopoldshafen, Germany, under the number CSD-408935.
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(20) 1\/I5|2I2<wnz, R.; Hertel, T.; Preut, HZ. Anorg. Allg. Chem1995 621, (30) Gillespie, R. N.J. Chem. Educl963 40, 295.

(31) Burbank, R. D., Bensey, F. N. Chem. Phys1953 21, 602.
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Figure 2. View of the unit cell and the molecules in its nearest environment. The molecules are connected in the form of zigzag chéins by |

contacts 2.95 A long.

Table 1. X-ray Diffraction Data of CRIF;

space group
a,

b, A

c A

volume, &
Pcalca 9 cnr3
Z

fw, g mol™
u, cmt

T, °C

A

R[l > 20(1)]
Re (all data)

aR = Y||Fo| — |F||/Y|Fo|. Refinement method: full-matrix least-
squares calculations based 6h

142d (No. 122)

8.5090(10)

8.5090(10)

12.324(2)

892.3(2)

3.482

8

233.91

71.72

—100(2)

0.710 69

Ry = 0.0239, wR = 0.0412
R = 0.0341, wR = 0.0426

Table 2. Bond Lengths (A) and Selected Angles (deg) forslER

I(1)—F(1) 1.982(2)
I(1)—F(1a) 1.982(2)
I(1)—C(1) 2.174(6)
F(2-C(1) 1.352(8)
F(3)-C(1) 1.286(8)
F(4)-C(1) 1.235(7)

a Symmetry transformations used to generate equivalent atoms: a

=x -y M-z

IFe~ (1.821-2.114 A)3* IFs (1.75 A(ap), 1.87 A(eq)), and
CFRslF, (1.904-1.925 A)3512 As expected, the value for the
I—F bond is in the range for a iodine(lll) compound and, as
the comparison betweend&nd CRIF,4 shows, is slightly longer

F(1¥1(1)-F(1a) 165.4(2)
F(5Y1(1)-C(1) 82.71(9)
F(la)-I(BC(1) 82.71(9)
F(2XC)-I(1) 106.2(5)
F(3}C(1)-1(1) 110.7(6)
F(4¥C(1)-1(1) 112.9(5)

F(3)-C(1)-F(2) 105.9(6)

F(4)-C(1)-F(2) 107.6(7)

F(4)-C(1)-F(3) 113.0(6)

(33) Mahjoub, A. R.; Seppelt, KAngew. ChemInt. Ed, Engl.1991, 30,
323; Angew. Chem1991, 103 309.

(34) Burbank, R. D.; Jones, G. Rorg. Chem 1974 13, 1071.

(385) Zhang, X.; Seppelt, KZ. Anorg. Allg. Chem1997, 623 491.

ey~ F(a)

@ F(1c)

Figure 3. Projection of a CEHF, molecule with its contacts. The
resulting coordination polyhedron is a distorted trigonal bipyramid.
The angles built by these contacts are 63.76f)Lb)-1(1)—F(1c)
and 129.02(1%) I(1)—F(1a)-I(1e) or I(1)-F(1)—I(1d)]. Symmetry
transformations are & x, =%, —y, s —zZz b=1-y, -1+ x
—zc=1-yYHb—xYW+zd=1+y, 1—-x —ze=Y—y,
=3/, + x, Y, — z. Thermal ellipsoids are drawn at the 50% probability
level.

than those estimated for4i1.971 A(ap), 1.901 A(eq® This
results from the higher space requirement of the @®Bup in
comparison with a fluorine ligand.

The angle between the two apical fluorines shows a large
deviation from the ideal value of 180 The explanations for
this are the repulsion between and the high space requirement
of the two lone pairs and the contacts made by the molecules.
The same effect is observed for Gland Brks with angles of
174 and 170.%4 respectively?1:32 In case of CEIF4, where the
lone pair and the four intermolecular contacts press the four

(36) Boldyrev, A. I.; Zhdankin, V. V.; Simons, J.; Stang, PJ.JAm. Chem.
Soc.1992 114, 10569.
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Table 3. Raman and IR Frequencies of 4, at Various
Temperatures

Raman IR
—78°C —100°C? —70°C —250°C*  assignment
51m 52 (0.83) v1s T(A")
67 (0.3) lattice modes
80m 82 (0.83) lattice modes
213w 213 (0.4) v1001F2 (A')
248 w (sh) 250 (0.76) vg pCR3 (A")
263 w (sh) 265 (0.96) vg yIF2 (A")
280w
285m 285(3.0) 281m v7vCl (A")
288 sh
324 vw 324w
448 vs
457 m
466 sh
475 (0.3) 112 0CF3 (A")
477 m 476 vs pviF; (A")
490 sh
499 vs 500 (10) 506 sh vs vIF, (A")
525w
546 vw 545(0.4) 553m 548w v40CFs (A')
608 w
668 w
692 vw
726 w
745(0.3) 747s 745s
756 m 760 (2.4) 754 sh v30CF3 (A")
1025 s (sh) 1026 m (sh)
1050 (0.2) 1056 vs 1054vs v, vCR (A")
1065 vs (sh)
1108 m 1110 (0.83) v1 vCRs (A")
1199 vs 1194 vs nv CR(A")
1232 vs (sh) 1218 vs
1296 w 1295 vw

aReference 7.

equatorial fluorines out of the plane toward thes@Foup, the
resulting C-1—F angles are in the range of 8distead of 90.12

Minkwitz and Berkei

published by Bondi is 3.45 A7 The angle of the asymmetrical
fluorine bridge (FF---I) is 129.02(11), and that of the
symmetrical iodine bridge (F---I---F) is 63.76(8) These
secondary bonds are not in the same direction as the lone pairs
at the iodine, and the resulting coordination polyhedron is a
distorted trigonal bipyramid. The contacts in 4z are
comparable to those in G, and show lengths of primary
polar contacts to be 3.03 and 3.07 A and secondary polar
contacts to be 3.25 &

Vibrational Spectra. The vibrational spectra of G, have
been described by Lehman, Naumann, and Stopschinski, and
therefore we will discuss our results only briefly.

The predictedCs symmetry can be confirmed, but there is a
deviation of nearly 8 between the mirror plane and the-€
bonds of the Ckgroup basically of the eclipsed conformation.
In the spectra the resulting fifteen fundamental vibrations, except
v14(0IF2 A"") andv13(pCFs A"), were observed. The frequencies
and assignments shown in Table 3 conform to those made by
Naumann et al., with exception of(vIF2), which is in the
staggered conformation in the"Anode caused by the sym-
metry.

In the Raman spectrumiF,(A’) is the strongest line at 499
cm1, and the deformations of this group occur in the range of
213-263 cntl. For the CEk group the deformations can be
found between 546 and 756 cfy the line at 248 cmt is
assigned to theCR;(A’), and the stretching vibrations are
between 1056 and 1232 ci The weak line at 1050 cm
observed by Naumann et al., which was assignedXg;(A"),
could not be detectet.The C-I stretching vibration is found
at 285 cnt! in the Raman spectrum. This assignment is in
good agreement with that of GIE®
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intensity collection parameters, anisotropic thermal parameters, and all

The unit cell contains eight formula units and each molecule bond lengths and angles are available (4 pages). Ordering information
has contacts to four adjacent molecules (Figure 3). Two contactsis given on any current masthead page.
are made by the apical fluorines, and the others are made by,~qg05030

the iodine. This is due to strong cross-links between the

molecules to give zigzag chains. The lengths of all these (37) Bondi, A.J. Phys. Chemi964 68, 441.
contacts are 2.950 A, and the sum of the van der Waals radii (38) Edgell, W. F.; May, C. EJ. Chem. Phys1954 22, 1808.



